The sequence of 4,306 nucleotides from the 3'-poly(A) tract of bean yellow mosaic virus (BYMV) RNA has been determined. This sequence contained a single, long open reading frame (ORF), that when compared with amino acid sequences of other potyviruses was expected to encode carboxyl terminus of CI, 6K, NIa, NIb and coat protein (CP). The CP-coding sequence was predicted to be 819 nucleotides in length, encoding a protein of 273 amino acids. To produce transgenic plants resistant to viral infections, the BYMV CP gene was fused to a high expression promoter cassette containing a duplicated enhancer sequence of cauliflower mosaic virus 35S promoter followed by the 5'-untranslated sequence of tobacco mosaic virus RNA. The chimeric gene was introduced into Nicotiana benthamiana by Agrobacterium-mediated gene transfer, and the expression of CP gene was verified by Western blot analysis. Self-fertilized R1 progeny expressing detectable levels of CP showed significant delay in symptom development, as well as an attenuation of the symptoms.
INTRODUCTION
The potyviruses are the largest and economically the most important group of plant viruses15). The genome of potyvirus is composed of a single positive-sense RNA of approximate 10kb with a genomelinked protein (VPg) at the 5'-terminus and a poly(A) tract at the 3'-terminus7). The complete nucleotide sequences of several potyviruses, tobacco etch virus (TEV)1), tobacco vein mottling virus (TVMV)6), plum pox virus (PPV) 22) , potato virus Y (PVY)32), pea seed-borne mosaic virus (PSbMV)16), pepper mottle virus (PepMoV)43), papaya ringspot virus (PRSV)46) and turnip mosaic virus (TuMV) 29) , have been determined.
Bean yellow mosaic virus (BYMV), an important member of the potyvirus group, infects leguminous crops and several ornamental plants and is easily transmitted by over 20 species of aphids in a non-persistent manner3). Recently, a necrotic strain of BYMV has spread and caused extensive damage to broad bean in Tohoku district12), especially in Miyagi Prefecture. The general presence of inoculum around broad bean fields, which is thought to result from the frequent infection of clover by BYMV, makes it difficult to control broad bean mosaic and necrotic disease caused by the virus. Table 1 ). The sequence F(Q or E)/(S or G) is proposed to be a consensus cleavage sequence for the NIa-proteinase of BYMV. However, valine found in position P4 in seven potyviruses was not found in BYMV. Recently, the N-terminal domain of NIa protein has been reported to be a viral VPg9,23).
The internal cleavage site of these two NIa protein domains was also found in NIa protein of BYMV at positions 342-343 (Table 1) . Thus, BYMV NIa can also be divided into two domains comprising two distinct proteins, VPg and proteinase.
The proposed NIa protein of BYMV showed 47, 51, 50 and 51% amino acid sequence identity with the corresponding proteins of PVY, PPV, TEV and TVMV, respectively. The catalytic triad (H, D, C)
of NIa-proteinase8) was also present in BYMV (polyprotein positions 388, 423 and 493; Fig. 1 ).
The most conserved potyviral protein is NIb, a putative polymerase. The BYMV NIb showed a high degree of amino acid sequence similarity with the corresponding proteins of four other potyviruses, ranging from 62% with TEV and TVMV to 65% with PVY and PPV. The consensus motifs (YCDADGS-QFDSSL, GNNSGQPSTVVDNTLMV, NGDDL and K), responsible for the RNA-dependent RNA polymerase function17) were also present in BYMV (polyprotein position 830-842, 893-909, 935-939 and 974; Fig. 1 ).
BYMV-MB4 CP showed 54, 56, 60 and 65% amino acid similarity with the CP of TVMV, PPV, PVY and TEV, respectively.
The CPs of four other isolates of BYMV have been sequenced to date: American GDD14), Danish4), Japanese CS38) and Australian S40). The amino acid sequences of CPs from these five strains were identical in length (273 aa), and MB4 CP showed 93, 95, 88 and 92% idenitity with those of GDD, Danish, CS and S, respectively.
The major difference between the five isolates was found in the N-terminus, whereas the center and C-terminus were highly conserved, as previously described for other potyviruses36). The amino acid sequence DAG in the N-terminal region of CP, which is present in 
DISCUSSION
In this report, we described the cloning and sequencing of 3'-terminal 4,306 nucleotides of BYMY-MB4 and the expression of its CP gene in transgenic plants. The region of the genome included NIa (VPg and proteinase), NIb (putative polymerase) and CP. We employed the CP gene to produce transgenic plants resistant to virus infection. The other two cistrons, however, are useful; NIa can serve as a specific proteinase for protein engineering, and transgenic plants expressing NIa protein were shown to be resistant to homologous virus44). Furthermore, in PVX, it was shown that transgenic plants expressing a modified viral replicase were highly resistant to infection by PVX21).
NIa proteinase of potyvirus has been shown to cleave at six locations along the polyprotein, P3/CI, CI/6K, 6K/NIa-VPg, NIa-VPg/NIa-Pro, NIa-Pro/NIb and NIb/CP. We have found five potential cleavage sites in BYMV-MB4 polyprotein, excluding P3/CI site ( Table 1) . Each of the proposed BYMV-MB4 NIa cleavage sites occurred between (Q or E) and (S or G), as demonstrated for other potyviruses, whereas phenylalanine (F) at the position P2 was specific for BYMV-MB4. This consensus sequence F (Q or E)/(S or G) in BYMV-MB4 is suitable for the cleavage sequences between NIb and CP not only in other strains of BYMV14,38,40) but in three strains of ClYVV5, 40, 41) .
The CP of BYMV-MB4 showed 88-95% amino acid similarity with four BYMV strains, as previously reported. Most notedly, the CPs of MB4 and Danish demonstrated 95% amino acid homology, and showed complete identity for their respective 3'UTR nucleotide sequences. Since the homology of potyviral 3'UTR has been shown to reflect their genetic relatedness11), the two isolates, Japanese MB4 and Danish, can be considered genetically closely related.
Using Agrobacterium-mediated transformation, we obtained transgenic N benthamiana expressing the BYMV CP gene. The plants that accumulated detectable levels of CP showed significant levels of resistance against homologous virus. In our experiment, B805 showed a higher level of protection than B801, although both levels of accumulated CP made little difference (Fig. 3) . In the case of TMV, the degree of protection was directly proportional to the levels of accumulated CP30), whereas no correlations in the levels of accumulated CP with the degree of protection were observed in some viruses; such as SMV37), PVY19), PPV31) and CMV27). No consensus has yet been obtained to correlated the levels of accumulated CP with the degree of protection, so there would be some risks associated with screening for resistant plants based on the expression levels of the CP gene without protection tests.
We intend to produce a transgenic broad bean resistant to potyviral infections. In Tohoku district, BYMV and ClYVV are economically the most important viruses in broad bean, especially the latter since it causes severe necrosis and thus serious damage to broad bean. ClYVV belongs to the BYMV subgroup and its CP shows 70-77% amino acid homology to the protein from four strain of BYMV42), so it is needed to examine whether the transgenic plants expressing BYMV CP could be protected from ClYVV infection.
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